We report the first observation of the rare η → e + e − e + e − (γ ) decay based on 1.7 fb −1 collected by the KLOE experiment at the DA NE φ-factory. The selection of the e + e − e + e − final state is fully inclusive of radiation. We have identified 362 ± 29 events resulting in a branching ratio of (2.4 ± 0.2 stat+bckg ± 0.1 syst ) × 10 −5 .
and BR(η → e + e − e + e − ) < 9.7 × 10 −5 [9] , respectively.
The KLOE detector
The KLOE experiment operates at DA NE, the Frascati φ-factory. DA NE is an e + e − collider running at a center of mass energy of ∼ 1020 MeV, the mass of the φ meson. Equal energy positron and electron beams collide at an angle of π − 25 mrad, producing nearly at rest φ mesons.
The detector consists of a large cylindrical Drift Chamber (DC), surrounded by a lead-scintillating fiber electromagnetic calorimeter. A superconducting coil around the EMC provides a 0.52 T field. The beam pipe at the interaction region is spherical in shape with 10 cm radius, it is made of a beryllium-aluminum alloy of 0.5 mm thickness. Low beta quadrupoles are located at about ±50 cm distance from the interaction region. The drift chamber [10] , 4 m in diameter and 3.3 m long, has 12,582 all-stereo tungsten sense wires and 37,746 aluminum field wires. The chamber shell is made of carbon fiber-epoxy composite with an internal wall of 1.1 mm thickness, the gas used is a 90% helium, 10% isobutane mixture. The spatial resolutions are σ xy ∼ 150 μm and σ z ∼ 2 mm. The momentum resolution is σ (p ⊥ )/p ⊥ ≈ 0.4%. Vertices are reconstructed with a spatial resolution of ∼ 3 mm. The calorimeter [11] is divided into a barrel and two endcaps, for a total of 88 modules, and covers 98% of the solid angle. The modules are read out at both ends by photomultipliers, both in am- A cosmic veto rejects events with at least two energy deposits above 30 MeV in the outermost calorimeter layer. Data are then analyzed by an event classification filter [13] , which selects and streams various categories of events in different output files.
Event selection
The analysis has been performed using 1733 pb [14, 15] . This package simulates the emission of FSR photons by any of the decay products taking also into account the interference between different diagrams. PHOTOS is used in the Monte Carlo at the event generation level, so that our simulation fully accounts for radiative effects.
At KLOE, η mesons are produced together with a monochromatic recoil photon (E γ = 363 MeV) through the radiative decay φ → ηγ . In the considered data sample about 72 × 10 6 η's are produced. As first step of the analysis, a preselection is performed requiring at least four (two positive and two negative) tracks extrapolated inside a fiducial volume defined by a cylinder centered the kinematic fit (χ 2 < 4000) is applied in order to discard poorly reconstructed events.
Background rejection
Two sources of background are present: This is mainly due to e + e − → e + e − (γ ) events with photon conversions, split tracks or interactions in the DA NE low beta quadrupoles. This background has been studied using off-peak data taken at √ s = 1 GeV, where φ decays are negligible.
A first background rejection is performed cutting on the sum of the absolute value of the momenta of the four selected tracks requiring
To remove e + e − continuum background from interactions in the low beta quadrupoles, the quantities cos θ f and cos θ b have been defined as the average polar angle of forward and backward selected particles. Events having cos θ f > 0.85 and cos θ b < −0.85 are rejected. This cut has no effect on signal selection efficiency.
To reject events due to photon conversion, each track is extrapolated backward to the intersection with the BP and with the DCW. For each track pair, the invariant mass (M ee ) and the relative distance (D ee ) are computed. A clear signal of photon conversion is visible in the D ee -M ee 2D plot for BP and DCW (Fig. 1) . Events The last rejection is based on the Particle IDentification (PID) of charged particles. For each track associated to a calorimeter cluster, the quantity t = t track − t cluster in both electron and pion hypothesis is evaluated; t track is defined as the length of the track divided by β(m)c. Track with t e / t π < 1(> 1) are identified as electron (pion). Events having more than two pions or no electrons are discarded.
The effects of background rejection cuts on the various data components are visible in Fig. 2 , where the four electrons invariant mass, M e + e − e + e − , is shown at different steps of the analysis. In Table 1 , number of events in data, N(data), MC signal efficiencies, ε(sig), and background rejection factor R, defined as the ratio of analysis efficiency between signal and background, are also reported. The R value has been evaluated for three different categories: φ → ηγ with η → e + e − γ (R η→e + e − γ ), φ → KK and φ → ρπ (R φ→KK /ρπ ) and all other φ decays products (R others ). shows that, increasing in the simulation the probability of conversion by 10%, an excellent agreement is found. A 10% systematic error is then assigned to photon conversion and added to the uncertainties coming from MC statistics and BR(η → e + e − γ ) measurement [3] : N(η → e + e − γ ) = 80 ± 3 MC ± 8 BR ± 8 syst .
Evaluation of the BR(η → e + e − e + e − (γ ))
As discussed in the previous section, the only significant background contamination surviving all the analysis cuts is due to η → e + e − γ events with photon conversion, that have a signature similar to the signal. The overall estimated background from φ decays has been subtracted bin-by-bin to the M e + e − e + e − spectrum obtained in data (Fig. 3 top) , taking into account also systematic errors. The event counting is done fitting the resulting spectrum with the two residual contributions: signal and e + e − continuum background events. The M e + e − e + e − shape for the signal is obtained by fitting MC events with two Gaussian functions plus a third order polynomial function. The fit range is 500 < M e + e − e + e − < 600 MeV.
The M e + e − e + e − distribution for e + e − continuum events has been studied on the data taken at √ s = 1 GeV, where contributions from φ decays are suppressed. Even though the small statistics of the sample does not allow to precisely extract the shape, a first order polynomial well reproduces the data in the signal region. The free parameters are an overall scale factor for signal and the two parameters describing the e + e − continuum background. Fit results are shown in Fig. 3 bottom. The resulting χ 2 /ndf is 43.9/34, (1) where N η→e + e − e + e − (γ ) is the number of signal events and η→e + e − e + e − (γ ) is the efficiency taken from MC. The number of φ → ηγ events, N ηγ , has been obtained using the formula N ηγ = L · σ φ→ηγ , where L is the integrated luminosity and the cross section σ φ→ηγ has been evaluated taking into account the φ meson line shape on a run by run basis [16] . Inserting all the numbers quoted in Table 2 , the value: has been changed by ±10%. The systematic error on the fit to the M e + e − e + e − distribution has been evaluated considering:
• the binning of the M e + e − e + e − histogram, changed from 3 MeV, used as default, to 2 and 4 MeV;
• the M e + e − e + e − range, enlarged and reduced by 10 MeV on both sides;
• the slope of the e + e − continuum background has been fixed to the value obtained from off-peak data fit.
The relative variation of the BR for each source of systematic uncertainty is reported in Table 3 . The uncertainty on N ηγ has been added to the systematics in the normalization term. The total error is taken as the quadratic sum of all contributions.
Conclusions
Using a sample of 1. 
Radiative events slightly modify momentum distribution of the charged particles and have been carefully considered in the efficiency evaluation. As a result, the measured branching ratio is fully radiation inclusive. Our measurement is in agreement with theoretical predictions, which are in the range (2.41 − 2.67) × 10 −5 [2, [4] [5] [6] [7] .
